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MOLTING BY JOJOBA MEAL molting techniques. In several countries, starvation for more than 24 hr is no longer considered an acceptable animal care procedure. Thus in recent years the development of less severe molting procedures has received more attention [3, 41 . Supplementing laying hens' rations with components that restrict feed intake might be a viable alternative for reducing body weight and forced molting. Qualitative restriction via a self-restricting diet is accomplished by adding drugs or chemicals to a balanced diet, or by feeding a diet deficient in one or several essential nutrients, such that the birds will voluntarily restrict themselves when provided free access to the diet [5, 61. Feeding of low-Ca [7, 81, lowsodium [9, 10, 111 , and high-Zn diets [12, 131 have been studied. Several studies have compared the efficacy of these methods [14] .
Decuypere et al. [ 151, however, concluded that the only alternatives to the techniques based on feed withdrawal are the feeding of a highZn diet [4] or a low-Zn and Ca-deficient diet [16] . These diets owe their eHicacy to the pronounced anorexia, and also to a direct effect on steroidogenesis, that is, an inhibitory action on ovarian granulosa cell function [ l q . However, high-Zn diets result in high Zn concentrations in feces and may not be allowed due to their effect on the environment. Therefore, until now, no satisfactory autonomous feed restriction method for practical use has been identified.
Jojoba meal, a by-product after the extraction of oil from jojoba seeds (Simmondsia chinensis) contains approximately 30% crude protein. Its high protein content gives it potential as an ingredient for animal feed. However, supplementing feed with defatted jojoba meal inhibits feed intake in rats [18, 191, chickens [20,21,22,23] promise as a supplement in poultry feed, because its inclusion yields voluntary restriction of feed intake such that body weight can fall to that recommended by breeder companies. However, during rearing, jojoba mealis known to hamper oviduct growth such that ovulated follicles cannot be converted to egg production [23] .
The purpose of the present study was to investigate the applicability of jojoba meal supplementation as a force-molting method based on anorexia and to study whether or not jojoba also has an irreversible inhibitory effect on the oviduct after regression that results from molting caused by a jojoba-rich diet.
MATERIALS AND METHODS

ANIMALS AND EXPERIMENTAL DESIGN
Forty-five broiler breeder pullets (Hybro, Euribrid) were raised in floor pens. During the first week, all chicks were fed ad libitum. From 2 to 20 wk, the birds' daily feed quantity was restricted. They received a standard broiler starter feed from0 to 3 wk of age (2799 kcal/kg ME and 18.5% CP), followed by a chick grower pellet (2700 kcal/kg ME and 15% CP). The animals were fed a pre-lay feed (2750 kcaVkg ME and 17% CP) for 3 wk before the expected start of egg laying. Access to water was unrestricted. Temperature and light schedule were set according to the recommendation of the breeder company. The photoperiod was 23 hr light and 1 hr dark (23LlD) during the first week of age and decreased gradually to 8L:16D at 6 wk. The birds were photo stimulated from 19 wk of age on by increasing the photoperiod by 2 hr weekly up to 14L10D at 21 wk of age.
During the first laying period, the broiler breeders were individually housed and all birds were provided 160 g breeder layer pellet/bird/day (2750 kcalkg ME and 17% CP). Body weight and production parameters were followed.
At the age of 43 wk, the broiler breeders were divided into three groups. Mean body weights at the end of the first laying period (43 wk of age) were statistically the same for all groups. During the following 6 wk, one group was force molted using a modified Agricultural Development and Advisory Service method (ADAS, n = 15), as described in Table 1 . The ADAS method is a molting method based on a quantitative feed restriction of wheat only (2990 kcaVkg ME and 11.1% CP), combined with a reduced photoperiod (Table 1) [4]. A second group received an ad libitum molting diet (2799 kcaVkg ME and 17% CP) supplemented with 12% defatted jojoba meal (JO, n=15). A third group was submitted to a quantitative molting process, being pair-fed to the second group with the normal (non-supplemented) molting
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VERMAUT et al. diet (PF, n = 15). Table 2 shows the composition of the molting diet. The pair-fed birds received the same daily amount of feed as the jojoba-supplemented birds had consumed the day before. Feed restriction was accompanied by light reduction as shown in Table 1 . After the experimental period of 35 days, all birds received the same amount of layer pellet ( Table 1) . Composition of the layer pellet is shown in Table 2 . Access to water was free. During the whole experiment, all animals were weighed weekly. Eggs were collected daily and weighed. At the age of 48 and 58 wk, six birds of the ADAS, JOY and PF groups were killed by cervical dislocation. Ovarian weight and oviduct weight and length were determined.
STATISTICAL PROCEDURE
Data are indicated as mean & SEM. Individual results of body weights and egg production rate were statistically analyzed by repeated measures of analysis of variance. Differences between oviduct length and weight and ovarian weights were tested by one-way ANOVA, followed by the least squares means test and considered statistically significant at P c .05 [27.
RESULTS AND DISCUSSION
FEED INTAKE AND BODY WEIGHT
Before the experiment started, all birds were provided 160 g layer pellets/bird/day. The average feed intake of the broiler breeders during the first 5 wk of the experiment was reduced to 43.6 g/bird for the jojoba-supplemented group and 45 g/bird for the classical molting method (ADAS). Figure 1 shows the body weight of JO, PF, and ADAS birds during and after force molting. All groups achieved maximal reduction of the body weight 5 wk after the start of the molting treatment. Mean body weight losses were 9.1%, 21.2%, and 15.9% for ADAS birds, JO birds, and PFbirds, respectively (Figure 1 ). These differences between body weights at the start (43 wk of age) and at the end of the molting period (48 wk of age) within each treatment were statistically significant (P c .001). The difference in average body weight between JO and ADAS treatments after 5 wk of induced molting was statistically significant (P < .OS). At that time, there was no statistical difference between average body weight of the PF and ADAS treatments, nor between body weights of PF and JO birds. From 48 wk of age onward, when all hens received layer pellets, mean body weight of ADAS birds did not differ from that of JO and PF birds, and this remained so for another 10 wk. The premolting weight was reached 1.5 wk after the start of refeeding in the ADAS hens, after 4 wk in the PF hens, and after 6 wk in the JO hens. At the end of the experimental period of the second laying cycle (age 58 wk), hens molted by the ADAS method exceeded their pre-molting body weight by 8.9% (P < .05), whereas the hens molted by JO and their PF counterparts did not exceed their pre-molting body weight sigolficantly. Weight gains between 48 and 58 wk of age were similar in all treatment groups. The differences between average body weight at 48 wk and 58 wk were statistically significant (P < .OO01) in all treatments.
EGG PRODUCTION Three weeks after the start of molting treatment, hens of both ADAS and JO molting treatments showed a complete cessation of egg production. Cessation lasted 3 wk in the ADAS hens and 4 wk in the JO hens. Hens of the PF group showed a complete cessation of egg production only 4 wk after the start of molting treatment, and cessation lasted for only 2 wk (Figure 2 ). After molting, both JOand ADAS-molted birds showed a steep increase in egg production, returning to peak production within 1-2 wk, while PF birds were slower to return to peak production (4 wk). However, the JO and PF molting methods both resulted in improved egg production similar to that of the ADAS molting method. A l l groups showed significantly higher egg production during the post-molting period compared to the total average production of the group (43 wk, Figure 2 ) before forced molting started. There was a significant increase in egg production rate of 25.7%, 24.4% and 20.9%, for JO, PF, and ADAS birds, respectively, compared to the average laying percentage of each group before molting started of 60 (+5.1)%. Peak production (during the experimental period) reached 85.7+-7.6%, 84.424.6%, and 81.0+5.4%, for the JO, PF, and ADAS hens, respectively.
EGG WEIGHT Average egg weight in the experimental period of the second production cycle was OVIDUCT AND OVARY After 5 wk of molting, oviducts and ovaries were regressed in ADAS, JO, and PF groups to similar levels and were also regrown to similar levels at the end of the testing period, at week 58 (Table 3) . At both ages, no si&i-cant differences were observed between treatments. The differences between these two ages within the same treatment were statistically signifcant for all ovary weights and oviduct weights and lengths.
Various qualitative and quantitative feed restriction methods have been applied to force molt chickens in order to improve post-molt laying performance. These include the use of high-Zn feed, low-Z4Ca-deficient feed or low/deficient Ca or sodium feed, partial or complete deprivation of feed, oat, or barley diets [lZ, 16, 7, 91. Molting itself is characterized by body weight loss, ovary regression, reproductive tract involution, and the significant loss of primary feathers. We report here the effective use of an alternative method to those listed above, to force molt broiler breeder chickens after the first year of production. We have reported previously the use of 2.54% jojoba meal as a supplement in broiler breeder feed to trim weight gains to levels similar to those of chickens on conventional restricted feeding [23] . In the present study, we have used 12% jojoba supplementation in the feed successfully to force molt broiler chickens and yield higher egg production than before molting. This percentage of jojoba meal restricted feed intake severely to a level similar to that of chickens molted by the ADAS method, which is a well-established forcemolting method. Consequently, body weight was reduced by about 21%, a greater reduction than that recorded by the ADAS method. The ovaries and oviducts of the birds on ADAS, JO, and PF regressed to similar weights and rejuvenated to a similar state after molt. However, the recovery to the rejuve- The results on feed intake confirm earlier observations, demonstrating that inclusion of jojoba meal in the diet restricts feed intake of hens fed ad libitum [20, 21, 22] . Chickens react differently from rats to jojoba meal components. Vermaut et al. [20] demonstrated that the anorexic effect of defatted jojoba meal in chickens is due mainly to some palatability factors, possibly tannins and saponins, whereas in rats it was concluded that it reduces feed intake solely by its satiating effect, which results mainly from simmondsin and related cyanomethylene glycosides [32] . In our experiment, body weights were decreased marginally more in JO-fed birds than in their PF counterparts, although their feed intake was the same. This is probably due to antinutritional factors present in jojoba meal, such as tannins, phytic acid, and trypsin inhibitors [33] . Body weight loss was also different in JO and ADAS hens during molting, yet egg production rate in the experimental period was comparable. These data suggest that body weight loss is not the paramount criterion for a successful molting method. Moreover, in contrast to the molting methods based on long-period fasting that have been used in the past [4] , all molting methods in this study were accompanied by daily feeding. Unfortunately, no data can be shown on the persistency of egg production, because this was not the prime a i m of this study.
During the 5 wk of forced molting with jojoba meal, the oviduct involuted to the same degree as in the PF birds. This suggests that the regression of the oviduct during the molting period may have been due to the severe feed restriction itself, and is not a toxic effect of jojoba meal. The oviduct regrew completely after the withdrawal of jojoba meal. Consequently, jojoba meal had no irreversible inhibitory effect on the regrowth of the oviduct of adult broiler breeders after molting, whereas in growing pullets, an irreversible inhibition of oviduct development has been observed in broiler breeders, resulting in no egg laying [MI. This virtual absence of the oviduct growth in jojoba-fed growing birds suggests that jojoba meal may contain as yet unknown factors that interfere with the early development of the chicken oviduct during very specific sensitive periods of oviduct development. Once the oviduct has been developed at sexual maturity, jojoba seems to have no inhibitory effect on the regrowth of the oviduct after regression due to molting. In immature pullets, estrogens are mainly responsible for the development of the oviduct [35] . Similarly both P4 and T 3 have been demonstrated to have roles in the process [36,37l. These hormones are probably also involved in the post-molt reproductive recrudescence. Our results indicate that jojoba meal does not interfere with these hormones that are responsible for oviduct regrowth.
CONCLUSIONS AND APPLICATIONS
1. Jojoba meal has no irreversible inhibitory effect on the regrowth of the oviduct of adult broiler breeders after molting. This is in contrast to the situation in growing pullets, in which jojoba meal is known to produce an irreversible inhibition of the oviduct development, resulting in no egg laying. 2. The use of jojoba meal is effective as an alternative method to stop egg laying, based on a qualitative feed restriction.
